The distribution patterns of flavonoids hyperoside, isoquercitrin, quercitrin, quercetin, I3,II8-biapigenin and naphtodianthrones hypericin and pseudohypericin were studied in reproductive structures during ontogenetic phase of flowering in Hypericum maculatum CRANTZ. Considerable differences in the content of these secondary metabolites, in the particular flower parts were found. The content of all the metabolites studied is stable during the whole period of flowering in green flower parts (sepals). In petals, stamens and pistils their content undergoes considerable change associated with the biological functions of particular metabolites. The most conspicuous changes during ontogenetic phase of flowering were the decrease of hyperoside and isoquercitrin content in petals (average content in buds 1.589 mg g −1 dry weight, average content in overblown flowers 0.891 mg g −1 dry weight), the decrease of the I3,II8-biapigenin content in stamens (in buds 1.189 mg g −1 dry weight, in overblown flowers 0.319 mg g −1 dry weight), and the increase of hypericin and pseudohypericin content in both petals (total average content of hypericins in the buds 0.547 mg g −1 dry weight; in overblown flowers 0.792 mg g −1 dry weight) and stamens (in buds 0.189 mg g −1 dry weight; in overblown flowers 0.431 mg g −1 dry weight). Hypericins are absent in the pistil. The flavonoids hyperoside and isoquercitrin, the content of which decreased during ontogenetic phase of flowering, reach the highest contents in the pistil.
Introduction
The genus Hypericum includes over 450 species (Robson, 2002) . The tetraploid species Hypericum perforatum is the best studied one from the aspect of secondary metabolites (Kaul, 2000; Hölzl & Petersen, 2003) . This is connected with the fact that H. perforatum is very popular in both folk medicine and pharmaceutical industry. This species is facultatively apomictic and, according to Robson (2002) it is a result of an ancient hybridization between H. maculatum subsp. immaculatum (Murb.) A. Fröhl. and H. attenuatum Choisy. Although the probable parent species, diploid H. maculatum Crantz is given in several pharmacopoeias together with H. perforatum as a component of the drug Herba hyperici, rather little attention was paid to its secondary metabolites and their dynamics. Brockmann & Sanne (1957) have already found a higher content of hypericin in the flowers of H. maculatum (2.1 g kg −1 dry weight) than in those of H. perforatum (1.38 g kg −1 dry weight). The flavonoids hyperoside, quercitrin and quercetin were identified by Michaluk (1961) and Leifertová (1966) in H. maculatum. Kment et al. (1990) also found isoquercitrin and Umek et al. (1999) determined that I3,II8-biapigenin and amentoflavone were also present. The flavonoid rutin is often reported as absent from the flavonoid pattern of H. maculatum or present only in traces (Michaluk, 1961; Leifertová, 1966; Brantner et al., 1994; Mártonfi et al., 1996; Umek et al., 1999; . However, a chemotype without rutin was also determined in the species H. perforatum (Mártonfi et al., 2001) . Literature data on the flavonoid content in H. maculatum are sporadic only. At the same time, the amounts recorded differ substantially (Kment et al., 1990; Umek et al., 1999; . This may be caused by different methodological approaches, above all in the sampling for analyses and in the subsequent processing. Such differences can be found in the papers concerning hypericin content in the species H. maculatum (but also in many other papers concerning the species H. perforatum). The authors differ in the methods and in the plant material used for the subsequent analyses: non-flowering vs. flowering herb (the whole inflorescences with certain amount of leaves and stems), or individual flowers only. In a collected herb the ratio of buds, blooming and overblown flowers is usually not quantified. This may contribute substantially to the variability of the data obtained. In addition, it is nec- essary to stress that secondary metabolite content can vary largely already as a result of different ecological conditions, in which the plants grow. Also the subsequent laboratory processing after the sampling influences the values obtained (Avato & Guglielmi, 2004) . Not only older data but also the data in recent papers differ considerably.
The above mentioned situation and our knowledge of variation in the secondary metabolites content during ontogenetic phase of flowering in H. perforatum (Már-tonfi & Repčák, 1994) as well as in particular flower parts (Repčák & Mártonfi, 1997) , led us to the attempt to characterize more accurately the content of the selected secondary metabolites of H. maculatum (hyperoside, isoquercitrin, quercitrin, quercetin, I3,II8-biapigenin, hypericin and pseudohypericin) in particular flower parts (sepals, petals, stamens and pistils) during flower ontogeny. Together 8 plant populations were studied and six to eight plants were collected from each population. From these plants, samples of generative parts in 3 (in the case of pistil in 4) ontogenetic phases were taken: 1. flower buds of the size 6±1 mm; 2. flowers in the phase of full opening of petals, anther had not released pollen; 3. flowers overblown, petals are almost dried, but not fallen so far, anthers almost without pollen, pistil beginning to enlarge; 4. (only for pistil) pistil enlarged, green, seeds still white, sappy. The sepals, petals, stamens and pistils were excised from the flowers in each ontogenetic phase. Five flowers, or, as the case may be, buds were employed for preparation of one sample. Together 96 samples of 1.-3. ontogenetic phases and 8 samples of pistils in ontogenetic phase 4 were prepared. The samples were air-dried and subsequently analyzed by HPLC. Voucher specimens of plants studied are deposited in KO (Herbarium of Botanical Garden of P. J. Šafárik University in Košice, Slovakia).
Material and methods

Plant material
Extraction and HPLC estimation of secondary metabolites
Flower parts were extracted in methanol and immediately injected by analytic sample injector -20 µL (Ecom, Prague). The modified gradient method was used for resolving the flavonoids, naphthodianthrones and acylphloroglucinols (HÖLZL & OSTROWSKI, 1987) . We used the gradient pump LCP 3001 (Ecom, Prague), variable UV/VIS detector LCD 2040 (Ecom, Prague), column 3.3×150 mm, Separon SGX C18, 7 µm (Tessek, Prague), the mobile phase: (A) acetonitrile:water:H3PO4 (19:80:1), (B) acetonitrile:methanol:H3PO4 (59:40:1) (Merck, Darmstadt), the flow rate 0.5 mL/min, wavelength 254 nm, gradient program 0 min-25% B, 5 min-30% B, 10 min-55% B, 15 min-100% B, 25 min-100% B, integrator CSW (Ecom, Prague).
The following standard compounds were used for comparative identification and quantitative determination: hyperoside, isoquercitrin, quercitrin, quercetin and hypericin (Roth). The 3,8"-biapigenin was isolated and purified by partition and by column chromatography. UV spectral analysis was carried out to confirm the compound identification.
Results and discussion
Evaluating our results (Tabs 1-3) we recorded significant differences in the content of particular metabolites between different flower parts as well as differences in dynamics of their content during ontogeny of flowering. Prior to giving other results we consider important to mention two findings: i) From the aspect of metabolite content dynamics during ontogenetical development, the content of any metabolite in the calyx shows up invariable; we did not record any case of significant difference in metabolite content during flower ontogeny. The calyx thus appears to be a structure, in which secondary metabolites do not undergo substantial changes during flowering. ii) Quercitrin content does not change significantly during ontogenetical development in particular flower parts, although the differences among the parts are present. In flowers and stamens its content varies from 0.040 to 0.267 mg g −1 dry weight with average values 0.081-0.149 mg g −1 dry weight. In the calices it is approximately half-value, and in the pistils it is very low (0.028 mg g −1 dry weight was the maximum value found, for average data see Tab. 1).
The contents of the other flavonoids depend on both flower part studied and ontogenetic phase of the flower. These diversities are probably associated with specific functions of flavonoids and biflavonoids e.g. in pollen development and germination, in plant fertilization, or assumptive natural endogenous regulators of polar auxin transport (Ylstra et al., 1992; Vogt & Taylor, 1995; Jacobs & Rubery, 1988; Geiger, 1994) .
The content of quercetin glycosides hyperoside and isoquercitrin is relatively high and in sepals, petals and pistils it varies approximately within the range of 1-2 mg g −1 dry weight. In the stamens their content is only about one third of this value. In all flower parts (except for calyx) the contents vary during ontogeny (Tabs 2, 3); generally decreasing with the progressing flower development. This is the most conspicuous in the petals: from the average content 1.589 in the phase of bud it decreased to 0.891 mg g −1 dry weight in the phase of overblowing. In the pistils it is the flavonoid with the highest content while the content of other flavonoids is very low.
The biflavonoid I3,II8-biapigenin has a specific position between flavonoids. It occurs in high amounts in stamens while in other flower parts its content is low (cf. Tab. 1). Its dynamism in the course of ontogeny is considerable. The highest relative content is in the stamens of buds (1.554 mg g −1 dry weight is the maximum value In contrast to these processes, its content is lowest in the petals of bud and remains steady during the period of blooming (Tab. 3). The content of quercetin aglycone is predominantly relatively low (hundredths to thousandths of mg g −1 dry weight), except for the third phenological phase (overblown flowers). In this phase its content in petals and stamens is many times higher, which is obviously connected with the degradation of quercetine glycosides.
As stated by several authors (Brantner et al., 1994; Kartnig et al., 1997; Seidler-Lozykowska et al., 1999 , Tekeľová et al., 2000 SeidlerLozykowska, 2003) , from the whole-plant aspect, the largest amount of flavonoids in the herb was detected at the beginning of blooming or just before the blooming - the phase of well-developed bud, and then decreased as the plant bloomed and overbloomed. As it is clear from our results, these processes are not universal depending on the function of particular flavonoids in biological processes and they are localized in different plant parts. Similar findings were published in our earlier papers concerning H. perforatum (Mártonfi & Repčák, 1994; Repčák & Mártonfi, 1997 , Tekeľová et al., 2000 . The naphtodianthrones hypericin and pseudohypericin are compounds frequently studied in the genus Hypericum. Data in articles, however, can differ considerably. For example, in five recent years (1999) (2000) (2001) (2002) (2003) (2004) we recorded 4 papers giving the content of hypericins for the species H. maculatum: the lowest content of hypericins (0.058% hypericin + pseudohypericin) was given by Kitanov (2001) : however, it is not clear which plant part was used for the analyses. A similar average value 0.55% hypericin (however, it is not clear if the total content of hypericin and pseudohypericin was concerned) was given by Kireeva et al. (1999) for a vegetative developmental stage of the plants, 1.06% for the massive flower buds, 0.71% for the massive flowering, and 0.33% for the stage of seed capsule formation. Bagdonaite and Radušiene (2002) determined the content of hypericin between 0.266-0.495 mg g −1 and the content of pseudohypericin between 0.609-2.098 mg g −1 for "flower extract". Very high values of the pseudohypericin content in the flowers were published by Umek et al. (1999) : 5.03-11.03 mg g −1 dry weight with average 8.03 mg g −1 and of the hypericin 1.25-2.48 mg g −1 dry weight. Umek et al. (1999) unambiguously separated the data on flowers from the data on vegetative parts where they found an average content of hypericin 0.46 mg g −1 and pseudohypericin 1.99 mg g −1 dry weight. Naphtodianthrones are accumulated mainly in dark tubular and spheroid nodules in plant tissues, similarly as in H. perforatum Onelli et al., 2002) . These nodules do not occur in the pistils of the species H. maculatum, therefore the hypericins are found only in calyx, corolla and stamens. In the green plant parts the content of hypericins is lower than that in flowers, which was confirmed also in this study. In sepals the content of hypericins ranged (regardless ontogenetic phase) from trace amounts to 0.073 mg g −1 dry weight (pseudohypericin) and 0.025 mg g −1 dry weight (hypericin), the sample with the highest value contained 0.098 mg g −1 dry weight (pseudohypericin + hypericin). In stamens and petals the content of hypericins was substantially higher and expressed also a higher dynamics. The change in pseudohypericin content in petals during the ontogenetic phases was on the edge of significance (p = 0.052), while the change in pseudohypericin content in stamens and hypericin in petals was highly significant (Tabs 2, 3). When compared with the first and the second phase (pseudohypericin in stamens: minimum 0.094 mg g −1 dry weight to maximum 0.267 mg g −1 dry weight; hypericin: minimum 0.017 mg g −1 dry weight in stamens to 0.135 mg g −1 dry weight in petals), in the third phase (the phase of overblowing), the content of hypericins was higher (pseudohypericin: petals 0.276-1.070 mg g −1 dry weight, stamens 0.203-0.548 mg g −1 dry weight; hypericin: petals 0.076-0.197 mg g −1 dry weight, stamens 0.040-0.077 mg g −1 dry weight; for average values see Tab. 1). This result seems to be inconsistent with many other data, although they concern mainly the species H. perforatum. These data confirmed that the highest content of hypericin was determined either in the herb harvested in full blossom and it decreased when the plant overbloomed (Brantner et al., 1994; Kartnig et al., 1997; Seidler-Lozykowska et al., 1999 , Tekeľová et al., 2000 Seidler-Lozykowska, 2003) or in the flower buds and it decreased when the flower bloomed and overbloomed (Mártonfi & Repčák, 1994) . The explanation resides in methodological approach. The evaluation of whole flowers (or herb) is different from that of flower parts, as it was in our case. In the evaluation of whole flowers in the period of overblowing the volume of green parts of ripening pistil is growing, therefore total hypericin content in dry mass is lower than that in buds and blooming flowers. The evaluation of particular flower parts showed that in the course of blooming the accumulation of hypericins in petals and stamens increased gradually in relation to slight changes in dry mass value. This process is documented by our data on the relative weight of dry mass of particular flower parts during 3 (or 4) ontogenetic phases studied. The values for particular phases are given gradually as follows: average dry weight of one corolla (5 petals): 2.65-3.66-2.64 mg; average dry weight of androecium in flower (the set of many stamens): 2.62-2.60-1.65 mg; average dry weight of pistil in flower: 1.12-1.48-2.25-7.20 mg. The above mentioned data indicate that with overblowing the ratio of dry weight of particular flower parts has been changed. While the dry weight of petals decreases because of degradation processes, similarly to the dry weight of stamens (also owing to the release of pollen), the dry weight of pistil increased. In the phase 2 (blooming) the ratio of pistil dry weight to total flower dry weight was 19.1% while in the phase 3 (overblown flower) this ratio was already 34.4%. These results confirmed the necessity of being careful when comparing the values obtained from evaluation of the secondary metabolite contents in the plants. Another methodical approach can provide different results for the same material, which is particularly important to be considered in wide ecological, seasonal and topological variation in metabolite content, which was documented e.g. for the species H. perforatum (Pietta et al., 2001; Southwell & Bourke, 2001; Walker et al., 2001; Sirvent et al., 2002; Maleš et al., 2004) . On the other hand, particular factors of environment do not necessarily influence secondary metabolite content. When the correlation between altitude of the localities studied and secondary metabolite content was examined, no statistically significant difference was found in H. maculatum flowers.
